Experimental solubilities are reported for anthracene dissolved in ternary 1,4-dioxane + 1-propanol + 2,2,4-trimethylpentane, 1,4-dioxane + 2-propanol + 2,2,4-trimethylpentane, 1,4-dioxane + 1-butanol + 2,2,4-trimethylpentane, 1,4-dioxane + 2-butanol + 2,2,4-trimethylpentane, and 1,4-dioxane + 2-methyl-1-propanol + 2,2,4-trimethylpentane solvent mixtures at 25°C and atmospheric pressure. Nineteen compositions were studied for each of the five solvent systems. Results of these measurements are used to test the predictive ability of the ternary solvent form of the combined NIMS/Redlich-Kister equation.
Introduction
Solid-liquid equilibrium data of organic nonelectrolyte systems are becoming increasingly important in the petroleum industry, particularly in light of present trends toward heavier feedstocks and the known carcinogenicity/ mutagenicity of many of the larger polycyclic aromatic compounds. Solubility data for a number of polycyclic aromatic hydrocarbons (i.e., anthracene and pyrene) and heteroatom polynuclear aromatics (i.e., carbazole, dibenzothiophene, and xanthene) have been published in the recent chemical literature. For a listing of references see Acree. [1] [2] [3] Despite efforts by experimentalists and scientific organizations, in terms of both new experimental measurements and critically evaluated data compilations, there still exist numerous systems for which solubility data are not readily available.
In the present study anthracene solubilities have been measured in the five ternary 1,4-dioxane + alcohol + 2,2,4-trimethylpentane systems at (25.0 ( 0.1)°C. Nineteen ternary compositions were studied for each of the five systems. Results of these measurements are used to test the predictive ability of expressions based upon the general mixing model used in deriving the combined NIBS/RedlichKister equation.
Experimental Methods
Anthracene (Aldrich, 99.9+%) was used as received. The manufacturer's stated purity was checked by gas chromatography using a sample of anthracene dissolved in benzene. The chromatogram contained only three peaks, which corresponded to the benzene solvent peak, the anthracene solute peak, and a trace impurity peak that was also present in the neat benzene solvent. 1-Propanol (Aldrich, 99+%, anhydrous), 2-propanol (Aldrich, 99+%, anhydrous), 1-butanol (Aldrich, HPLC, 99.8+%), 2-butanol (Aldrich, 99+%, anhydrous), 2-methyl-1-propanol (Aldrich, 99.5%, anhydrous), 2,2,4-trimethylpentane (Aldrich, HPLC, 99.7+%), and 1,4-dioxane (Aldrich, 99.8%, anhydrous) were stored over molecular sieves and distilled shortly before use. Gas chromatographic analysis showed solvent purities to be 99.7 mol % or better. Ternary solvent mixtures were prepared by mass so that compositions could be calculated to within 0.0001 mole fraction.
Excess solute and solvent were equilibrated in sealed amber glass bottles at a constant temperature of (25.0 ( 0.1)°C for at least 3 days. Aliquots of the saturated anthracene solutions were transferred into a tared volumetric flask to determine the amount of sample, and diluted quantitatively with methanol for spectroscopic analysis at 356 nm. Absorbances of the standard solutions of known anthracene concentration were always recorded immediately prior to analysis of the ternary solvent mixtures to minimize uncertainties/errors associated with setting the analysis wavelength and with fluctuations in radiation source intensity. A single cuvette was used for all absorbance measurements, thus eliminating path length errors/uncertainties from the experimental determinations. A more detailed description of methods of sample equilibration and spectrophotometric analysis appears in an earlier paper. 4 Experimental anthracene solubilities in the five 1,4-dioxane + alcohol + 2,2,4-trimethylpentane solvent mixtures are listed in Table 1 . Numerical values represent the average of between four and eight independent determinations, with the measured values being reproducible to within (1.5%. For all solvent compositions studied, each replicate measurement differed by no more than (1.5% of the value given in Table 1 . The stated reproducibility should correctly reflect all errors/uncertainties in the sample weighings, volumetric glassware calibration, dilutions, and absorbance measurements since each independent determination began with the removal of an aliquot of the saturated anthracene solution from the amber glass bottle.
Results and Discussion
Acree and co-workers [5] [6] [7] Recent studies have shown that eq 2 provides reasonably accurate predictions for anthracene solubilities in ternary two-alkane + alcohol 8, 9 and alkane + two-alcohol [10] [11] [12] solvent mixtures. Such systems exhibit fairly large deviations from solution ideality arising from the self-association of each alcohol cosolvent, and in mixtures containing two alcohol cosolvents from the formation of heterogeneous hydrogen-bonded chains between dissimilar alcohol molecules.
The predictive ability of eq 2 is summarized in Table 3 for anthracene dissolved in the five 1,4-dioxane + alcohol + 2,2,4-trimethylpentane systems. Unlike the ternary twoalkane + alcohol and alkane + two-alcohol solvent mixtures studied previously, hydrogen-bond formation is terminated each time that an alcohol molecule hydrogen bonds with 1,4-dioxane. Published papers [13] [14] [15] [16] [17] have reported the calculated S i parameters for anthracene dissolved in 10 of the 11 sub-binary solvent systems, as well as the measured mole fraction solubilities in 1-propanol (x A sat ) 0.000 591), 2-propanol (x A sat ) 0.000 411), 1-butanol (x A sat ) 0.000 801), 2-butanol (x A sat ) 0.000 585), 2-methyl- 
1-propanol (x A sat ) 0.000 470), 2,2,4-trimethylpentane (x A sat ) 0.001 074), and 1,4-dioxane (x A sat ) 0.008 329). Solubility data for the 11th binary solvent system were reported several years prior to the development of the combined NIBS/Redlich-Kister equation. We have determined the numerical values of the S i parameters for the binary 1,4-dioxane + 2,2,4-trimethylpentane solvent system by curve fitting the experimental anthracene mole fraction solubility data of Procyk et al. 18 in accordance with eq 1. Numerical values of the S i parameters have been tabulated in Table  2 for convenience. Examination of the numerical entries in Table 3 reveals that eq 2 predicts the solubility of anthracene to within an overall average absolute deviation of 4.0%, which is about 2.5 times larger than the experimental uncertainty of (1.5% in the measured anthracene solubilities.
We note that the difference between predicted and observed values is also larger than the (2% error that was observed in our earlier studies involving anthracene dissolved in ternary alkane + alkane + alcohol, 8, 9 alkane + alcohol + alcohol, [10] [11] [12] and dibutyl ether + alkane + alcohol mixtures. [19] [20] [21] In all fairness, we should mention that the earlier studies covered much smaller 4-8-fold ranges in anthracene mole fraction solubilities. One should not expect the same level of predictive accuracy in systems that cover significantly larger solubility ranges. The five ternary 1,4-dioxane + alcohol + 2,2,4-trimethylpentane systems studied here cover up to a 20-fold range in mole fraction solubility. The predictive accuracy of most solution models does decrease both with increasing solution nonideality and with greater dissimilarities between the solute solubility in the pure solvents. The combined NIMS/Redlich-Kister solution model is no different from other solution models in this regard. 
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